
14 MONTHLY WEATHER REVIEW. JANUARY, 191.5 

tem eratures,” which is based upon a series of ma s 
ub Es ‘ hed in paper (1) indicates for this portion of & 

bnited States the amount of variation, month by month, 
from the average temperature round the world in similar 
latitudes. This average temperature in similar lati- 
tudes measures ztir temperatures as a function of lati- 
tude; varia Lions from average temperatures-i. e., 
anomalous tem eratures-indicate the local temperature 

sun upon the area of the northeastern United States. 
Consequently Sgure 1 shows that the rainfall of this 
area depends (1) upon the elevation of the sun, and (3) 
upon the world position of the area in particular refer- 
ence to tho swing of the sun. Figures 6 and 7 indicate 
the areas of differences in the driest and wettest periods, 
respectively, and give a spatial meaning to the facts 
shown in figure 1. 

Consideration of the twelve monthly maps resented 

eastern United States into four rainfall regions-(1) the 
northeast corner which beam little relationship to the 
remainder of the area and can be omitted from further 
consideration; (2) the Lake region and Michi an on 

(4) the Piedmont and the Coastal area on the southeast. 
It is convenient to begin the examination of the maps 
with the month of September. In  that month the north 
(2) and the coast (4) are of average wetness, but the Ohio 
Valley (3) is relatively dry. In  October the dryness is 
more extensive and reaches almost to the southeast [the 
South Atlantic] coast. In  November the dry conditions 
have moved still farther eastward. In  December the 
rainfall is very little removed from normal (100 per cent) 
everywhere. In  January the Ohio Valle is wetter than 
the neighborin hills, and be ond the h d  there is a still 

the nort is &y. In  March the Ohio Valley shows signs 
of 

May the north is the wettest regon; this relative 
wetness spreads eastward by June and becomes more 
intense b July. In August the wetness has reached the 
coast. !&e maps, therefore, give a s atial significance 
to the conclusions previously state$ which may be 
generalized thus: A wave of dryness moves south- 
eastward during the period when the temperature is 
falling, from September to the end of Januar , and a 

when the tem erature is rising, from May to August. 

function of its latitude and its position on the western 
margin of the Atlantic Ocean. 

variations of t I? e United States due to the effect of the 

by figures 2, 3, 4, and 5 leads to a division of t % e north- 

the north; (3) the Ohio Valley area in the mid w e, and 

drier r e p .  fn  February t i e coastal lands are wet and 

eater wetness, which persists during April. 

wave of wetness moves southeastward during t K e period 

The rainfal P of the northeastern United States is a 

i 11. 
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THE DISTRIBUTION OF THE RAINFALL IN THE 
EASTERN UNITED STATES. 

By B. C. WALLIS, B. Sc. (Economics), F. R. G .  S., F. S. S. 
[Dated: North Finchley, England, Nov. 24,1914.1 

In  the receding pa er the sequence of the intensity of 

corner of the United States. This area includes the major 
portion of the industrial area of the United States and is a 
region of diverse farming operations; in the present com- 
munication the area which includes the cotton belt and the 
greater portion of the wheat belt has been added to the 

the rainf E& was descri i! ed in reference to the northeastern 

area previously described, and the rainfall of the whole 
area is now considered in a broader view and with less 
detail than was 
The method of c 

from the accompanyin maps and diagrams (figs. 6-23). 
It should be noted, kst, that the range of the rainfall 

intensity is much greater in the area now considered 
than in the northeast alone. The minimum value of 
the pluviometric coefficients is less than 33 and the maxi- 
mum is between 200 and 233 which gives a range of 200 
equivalent to one-sixth of the total annual precipitation. 
In  the northeast corner the range extends from 70 to 
about 150, and is less than 100, i. e., less than the rainfall 
norm for one month. A eneral survey of the twelve 
monthly equipluve maps ( 8 gs. 12-23) at once forces the 
conclusion that, in general, the rainfall gradient is from 
northwest to southeast, for the majority of the e ui- 

luves run from northeast toward the southwest. &is 
fact was suggested by the conclusions reached in the 
above communication. 

The niain features of the intensity of preci itation may 
now be considered month by month. P n January 
(fi . 12) rainfall slightly above the norm occurs in the 
va K leys of the lower Mississippi and the Ohio; to the 
southeast and to the northwest the intensity of rainfall 
diminishes. In  February the area of rainfall above the 
norm has extended toward the coast and in Alabama and 
Georgia the rainfall is most intense; elsewhere there is 
little change from Janua In  March, exce t for an 
increased intensity in the Xakotas and along t E e coastal 
lowlands near Chesapeake Bay there is slight change from 
February. 

In  April, west of the Mississippi, the rainfall is above 
the norm, and the area east of that river tends to be drier. 
In  Ma there is a marked increase in the intensit of the 
r a in fd  especially in Oklahoma and South 6akota- 
in general, the intensity of the rainfall increases with thd 
distance from Florida. In  June the southeast coast States 
and the northwest States show a marked increase in in- 
tensity; from the Dakotas to Kansas, the rainfall is a t  
the maximum for the whole area, the fall in June being 
equal to twice the norm. Alabama has the least intense 
rainfall and the month in general is the exact opposite 
of January and February. 

the whole intensity seems to have moved 

northeast is drier than in June. In  Belt I (fig. S and 9) the 
rainfall intensit “swings with the sun,” and the farther 

this fact true. About the seasons of the equinoxes the 
rainfall is the norm, at midwinter low, and a t  mid- 
summer it is high; the pluviometric range is very large. 
In  Belt I1 (fig. S and lo), in general, the pluviometnc ran e 

way in which the On a very small 

sun.” The whole of this belt is marked by a compara- 
tive steadiness of the precipitation throughout the year; 
i t  forms a strikin illustration of the phrase “rainfall at  

ran e is intermediate between those in the ot er two belts 
an B the distribution of the rain is unequal. From Novem- 
ber to  July, i. e., about two-thirds of the year, the rainfall 
intensity increases by two stages which are separated by 
a sli h t  fall near the sprin equnox. The intensity drops 

In  Jul 
toward t 1 e northwest, the comts are wetter and tshe 

away the land B ‘e4 from the ocean, the more precisely is 

is lenst; the most striking feature of the diagram is t % e 

scale the rainfall of t %?il ‘s elt varies with the “swing of the 

all seasons.” In  5 elt I11 (fig. S and ll), the luviometric 

sud f enly from August to % ovember. 

a hs interlace. 

E 
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RAINFALL INTENSITY AND TEMPERATURE. 

It will be well for a moment to consider the relation 
between the observed facts and the teniperature condi- 
tions which prevail in general in the eastern half of the 
United States. 

P.C. 

Fm. 9.-Annual march of Wd intensity in Rainfall Regions I A  and In. (See fig. 8.) 
P. C.-pluvlometric coe5cienta. 

Temperature may be considered from two points of 
view : 

(1) The normal temperature for the latitude of a place; 
(2) The abnormal variations in different months which 

separate areas experience as a result of definite local 
con& tions. 

Normally the temperature of a latitude 'iswings with 
the sun," conse uently in the northwest corner of our 
district ( IA  on 9; gs. S and 9) intensity of the rainfall 
varies directly with the nornial temperature.' The gru- 
dient of this normal temperature runs from south to 
north, consequent.ly the rainfall in gencral over the whole 
area does not vary in intensity in siinple relation to the 
temperature. Vnrious areas art! affected by the abnor- 
mal [or anon~alous] temperatures. In the United States 
the zero isanoniuloua line (or issnomal) , i. e., the line 
dong wliich actual temperatures agree with the latitude 
normals, runs in January toward the northwest from 
Florid:r., with an rthriormally cold area bo the northeast 
and an ahiioriiially warm area to the west.. This zero 
isanonial niaintains this osition from December until 

From April to October this zero line is shifted 
Eodily toward the northeast, so that the area of abnor- 
mal (anomalous 1 warmth covers an increasingly large 
portion of the Unit.ed States; in August, when ths area 
IS largest and also w m e a t  it covers practically the whole 
o f  the United States. 

I t  follows then froni this fact that the niovement of the 
date of maximunz rainfall from June to Au .st (fig. 7) 

un area of abnormal (anomalous) warmth, so that the 
delay of the season of maximum rainfall intensity until 
it, is later than the period of maximum elevation of the 
sun acconipanies ths delay in the autumnal fall in air 
tem erature. 

T i e  zero isanomal swings back to ita January osition 

her practically the whole of the eastern half of the United 

April, i. e., during the who f e of the period when frosts nrc 
oaaible. 

agrees with the gradual spread, in the same % rection, of 

by October and beyond it in November, so that in k ovem- 

4 The aulhor uses lhis term here in the sense of "the normal fern ratwe o the iota 
parallrl oflnlrtw!~" as that expression Is used in Ward's trauslatlou &ann's dandfu& 
der lililustol IC. '?d ed. New York, IWW, 199. Sea the paper under (1) wherr: is 
iven a table 2 monthly normals for latltu$& and monthly charts of isoabnormals for 

-ld.-(C. A. 1r.I 
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States is abnormally cold; the tem erature drop in this 
region is, therefore, specially rapicf from September to 
November. In August there is everywhere a general 
tendency to a decline in intensity from tho previous 
month. In Scpteniber tlie drop denoted for August 
becomes more marked escept nem the hordeis of Mesico. 
In October the eastern Umted States is in general drier 
than in September. 

P.C. 

FIG. lO.-Annud march of roinfall intcnsitr in Rainhll Regions 
p. ~.-pluviom;tric coefficients. 

11.1-IIF. (See fig. S.) 

In November i t  seems as if the whole intensity of the 
rainfall had moved toward the southeast, the exact 
opposite of May. In  December there is a further move- 
ment toward the southeast. In general, when the tem- 
erature is increasing, rainfall intensity increases in all 

irections from Alabama and Mississippi, and conversely 
when the tem erature is decreasing. 

these 12 maps are indicated on the niaps forniing fig- 
ures 6-S. Figure 6 shows that escept in the extrenie 
northeast the driest month varies in t.hree broad bands 

The genera P conclusions wluch may be drawn from 

FIG. 11.-Annud march of rainfall intensity in RaInfta!l Reglons IIrA-III8. (Bee 
fig. 8.) 1’. C.- pluviometrlc coefficients. 

stretching across the general pluvionictric gradient. On 
the northwest,, J~LI~LIWJ~,  in tlic hlississippi and Ohio 
valleys, October, and dong the coast November is the 
driest month. Figure 7 shows that, in general, the three 
broad hands persist with a subdivision of the middle 
band; so that with the esception of Tennessee, Alabama, 
etc., the date of masimum rainfall tends to become later 

84435-1-2 

as the coast is approached from the northwest. figure 8 
results from an attem t to dist,inguish various rainfall 
regions based u on &e foregoing observations. The 

areas, and the niidclle bancl-including the northeast 
corner-is divided int.0 six separate a.reas. 

The details of the variation in intensity month by 
month are shown in figures 9-1 1, which shou’lcl be studied 
in connection with the niaps of figures 13-33. 

Only in November is the temperature of the coast 
lancls ahnorinally low and this fact is connected with the 
mininium rainfall intensity of Belt 111 (figs. 8 and 11) in 
that month. It, should also ha pointetl out that in gen- 
eral tlie isanondous lilies of + 5°F. nncl - 5°F. coincide 
in directZion wit,li that of the luvioinetric gradient. 

fall Belts I nnd 11 (see fig. s) t,li:it t.htiir rrtinfnll intensity 
depends upon t,einperature, tincl vaaicts c1irsc.tly with the 
teni erat>ure. When the tmipera.ture is anomalous, the 

rainfdl which niay be indicated by such a gmph as IA 
of figure 9. 

The anomalous temperatures which occur in the at- 
mosphere are chiefly due to prosiniity to the oceans, so 
that thc minfall of Belt 111 figure S, is irofoundly affect,ed 
by the nearness of this belt to thc. At!lant,ic Ocean. In- 
land from the coast the effect of the ocesn diminishes, 
constward from the Dakotas the effect of the continental 
land mass diminishe.s, and the net result of these two 
fact.s is seen in the rainfall of Belt I1 where the interlac- 
ing of tho grsphs in figure 10 is evidence of the clash 
between the causes which govern the intensity of t.he 
rainfall. It is possible in ma.ii;g cases to connect the 
slight fluctuations in the int,ensity of the rainfall, as 
shown in figure 10, with t4he fluctuations in anomalous 
temperature; e. g., the average ra.infal1 intensity of 
November and December (P. C. 100, fi . 10) is connected 
with the fact that the zero isanomal, w 9 iicli separates the 
:tnoinalously warm air of the Atlantic Ocean from the 
miomalousl cold air of the Huclson Bay area, coincides 

fall of the eastern half of t-lie United States decreases in 
general with the distance from Florida, i. e., with dis- 
tance from the sea. 

northwest and t l e coastal bands are divided into two 

In sum, it, may be concluc f ecl mit,li rcgarcl to the rain- 

rain F all is anomalous, i. e., it varies from the standard 

with Belt I! I in figure 8. Finally tlie total annual rain- 

SUMMART. 

In  h e ,  the rainfall intensity as well as the actual 
amount of precipitation of the eastern United States 
depends u on three separate factors: 

(1) d e  “swing of the sun,” which has its most 
marked effect at places farthest from the sea; 

(2) The local variations in temperature which ive 
rise to abnormal temperature conditions, w %i ch 
have their most marked effect in causing va- 
riations in the months of maximum and mini- 
imum intensity of rainfall; 

(3) The prosimity of the ocean which causes heavy 
tot,al precipitation near the coast and masks 
to some degree the effect of insola6ion. 

Thus, t,lierc 3re the tiirco rainfall be1t.s shown by figure 

I, a belt of suninier rains and w i n k  dryness; 
11, B belt of ra.infd st all sea.sons, due to the middle 

osition of t,he area between the continental con- : itions of Belt I and the oceanic. conditions of Belt 
111; 

S, viz: 

111, a belt of niasked suninier rains. 
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FTG. li.--Rquiplures for the castern United States for June. 
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FIG. lS.-EquipIuluves for the estern United Staks [or July. 

FIQ. 19.-Equipluves for the eastern United States for August. 
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FIG. 11.-Equlpluves for the e.lstern United States for October. 
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FIG. ?3.-Equipluvi.s 101‘ the eastcru L”nicrtl States for December. 
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6LMONSOON” RAINFALL.’ 

By B. C. WALLIS, North Finchley, England. 

The total volume of the precipitation in certain parts 
of India is apparently so extraordinary that i t  lim caught 
the special attention of eographers and teachers, and 

special type of rainfall which is int,imately related to the 
southwest monsoon wind. Later investiontiow demon- 
strated tlie fact that the Ab ssinian rainfa1 which caused 

fall to be called “nionsoon” rainfdl. Tlie sunimer rain- 
fall in Abyssinia * * * [has an intensity of 300 per 
cent] a eeing with a general high rainfall int,ensity which 
is reac f? ed by those places which hnve vertical sunshine 
when the sun is, as it were, journeying southward from 
the Tropic of Cancer. The rainfall intensity lags behind 
the sun, so that at  a certain lace south of lat. 23i0N. tlie 

northward is reenforced by the sun’s seconi passage 
through the zenith. A precisely siinilar phenomenon IS 
to be noted in the Southern Hemisphere just north of the 

the term “monsoon” rain 5 all hns tended to imply a very 

the Nile flood was suficient T y sindar to tho Indian rain- 

maximum intensity which E as been followin the sun 

- 
Tro ic of Capricorn. 

d w  the uluviometric coefficients for Indian rainfall 
tend to show precisely the saino magnitude of rainfall 
intensity during the same months as in northern Africa 
A rough glance at the monthly and annual rainfall maps 
of the world in [Bartholomew’s] Atlas of Meteorology 
shows a similar rainfall intensity in northern Australia- 
where the term “monsoon” rains is used-and also in the 
belts of siillilar latitude in South America. 

Hence it follows that the maps [published in the origi- 
nal whence this is escerpted] lay bare one of the factors 
in connection with monsoon rains in India; the inci- 
dence of rainfall intensity [as expressed by An at's “plu- 

world phenomenon, not a pure1 local Indian fact. 

is most typically exemplified in India, refera entirely, 
when regarded in relation to the southwest monsoon, to 
the quantity of the rainfall and not to its incidencc during 
the summer months. Quantity of recipitation ap- 

to elevation, prevailing winds, and nearness to the sea as 
well as to the average temperature of the air. 

Eastern Asia and eastern Amcrica.-It is usual to ex- 
tend the term “monsoon rainfall”. to iduclc  t.he sunimer 
rains of northern China and southern Japan. A similar 
investi ation to that of the preceding p.aragra>h indi- 

Asia resemble in incidence of intensity, but not in totnl 
quantity, the rainfall which is characteristic in areas of 
slmilar latitude to the northeast of the United States. 

Here, again, the term “monsoon” is applicable to 
uantities of rain which coincide in period with the on- 

viometric coefficients”] is a question of latitu i e and is a 

“Monsoon” rainfall, as the name o 7 a phenonenon which 

pears, therefore, to be a matter of Zoea P iniportance due 

cates t % at the summer rains of these portmiions o f’ eastern 

8 % ore winds of the monsoon; and ths fact is related to 
I&rodcdfm B. C. Wallls. Geographical aspects of climatological investigations. 

8Wtt. geogr. mag., Edinburgh, July, 1914,80: (385,3&369). 

the special nature of the temperature changes to which 
reference has been macle in tlie first section of this pa er.a 

the Sudan and Rhoclesin is * :b almost entirely a 
que!tion of (a) a sniall total annual precipitation and (b! 
a high sunimer rainfall intensity wliicli is a question of 
latitude in relation to the force of solar radiation; and 
apart from tlie smaller amount of the to td  annual pre- 
cipitation suminer savanna rainfall is equivalent to “mon- 
soon ” rainfall. 

Summer savaii.na rcLin~~ZZ.-Suiiimcr snvaiina rainfa ; in 

ON THE. USE O F  “AVERAGE,” “MEAN,” “GENERAL.” 

By lIucn: R. MILL, London. 

In  considering the distribution of rainfall * * * we 
need to use ternis with B dcfinit,c weaning, and I hope t>lilln.t 
I maybe excused for assigning clefinitc memiings to f:tmiliar 
English words instead of iniport.inm classical telllis which, 
despite a grander clisplny of sy11d7 L- ’2, can 1iicn.n no niorc. 
For convenience I use tdie t.erm i ) i r w  as iut1ic:itiiig t.hc 
sum of sny number of figures cliviilcd by that nnmber, 
reserving tlie word n.vcmy for the niem of a number of 
figures rcprescnting values in order of t.inw. Tlius the 
mean of 30 annual rainfall valucs is spolieii of as the mer- 
age rainfall for 30 years. The inam of :% iiumbc~r of mi-  
fornily distributed figures reprcsen6ing the tlist,rihut.ion of 
rainfall in spa.ce I speak of as tlie qcnzrol rainfall of t.he 
area concerned; thus the mean depth of rainfall over Eng- 
land for any dn , month, or year is the gcncr.171 vci.i.yfrfU 

mean of the genernfrainfd of Englmd for 30 years is 
espressed as the azwrcIge ymercrl rck$dl of England for 
30 years. A line passiiia through pcjint.s haring the same 
rainfall is an isohyetal Tine, or ho7yrt-the term having 
been already introduced is retained on account of it,s 
siniilnrity to isotherm and isobar. The line joining suc- 
cessive positions of the center of an atmospheric clepres- 
sion or cyclone is t,he tmck of the depression. The iso- 
hyetal lines representing the distribution of rainfull in a 
shower may be termed the spZas7~ of the. railifidl, and t,he 
isohyets re resenting the rainfall of one or several days 

a de ression, w1iic.h is the generalization of a succession 

depression. 

of England for t r iat nrt,icular day, niont.li, or year. rhe 

for a consi li erable stretch of country dong the t,rack of 

of sp F ashes, inay be called the w i c w  of the rainfall of that 
- 

TEMPERATURE AND SPRING WHEAT IN THE DAKOTAS. 

By THOMAS A. BLAIR, Observer. 

[Dnted, Weather Bureso. Wagon Wlicel Cap. l‘ulo.. Jan. P. 1915.1 

In  a previous articlc (1) a short st,udy was made of the 
rclation between rainfall and the yield of wheat in the 
reat northwestern spring-wheat region coniprisina tho 

ba te s  of Minnesotn, North Dakota, and South DdGota; 
and the conclusion reached that tlie totnl precipitation of 
May and June, wit,hout regard to it,s dist,ribution, is, in 
most years, t,he most important factor in determining the 
yield in the two Dakotas, but not. in Minnesota. At the 
same time, attention was called to bhe fact that there is 
an evident relation between t,empera ture and yield. A 
further study of this relation leads me to modify tlie above 
conclusion so far as to state that the mean temperature of 
June exercises an equally important influence on the yield 
in the Dakotas. 

_. - ._ 
2 Wallis B. C., o rit 356-363 
1 Erlracird/runz [h. R.%ll]. On-mapping rsiuhll. British R:iiuInll, 190;. London, 

190s. 47: 3643. 
See also H,R. Mill. N3p studies of rainfall. Quart. jour. Royal metl. soc., London, 

No. 146, Apd, 190s. 84. 


